General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



NASA CONTRACTOR 
REPORT 


NASA CR-i 50320 


DESIGN RULES FOR RCA SELF-ALIGNED Sll ICON-GATE 
CMOS/SOS PROCESS 


By Advanced Technology Laboratoi les 

Government Systems Division 

RCA 

Camden, New Jersey 08192 


(NAS A-CR-150320) DESIGN EOLES FOR RCA 
SELF-ALIGNED SILICON-GATE CNCS/SOS EROCESS 
(RCA Advanced Technology Labs.) 31 p 
HC A03/HF A01 CSCl OSC 

G3/33 


N 79- 3041 


Onclas 

34098 


March 1977 


NASA - GKOHGK C. MARSHALL SPACE 
Marshall Space FliKht Center, Alabama 35812 


FLTGR^T 9«^)I^ER 




TABLE OF CONTENTS 


Section Page 

I INTRODUCTION 1 

II TECHNICAL DISCUSSION 2 

III DESIGN RULES 3 

IV CONCLUSION 26 


PRECEDING PAGE BUNK NOT FILMED 
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Section I 


INTRODUCTION 

This report describes the CMOS^SOS design rules prepared by the RCA Solid 
State Technology Center (SSTC). These rules specify the spacing and width require- 
ments for each of the six design levels, the seventh level being used to define openings 
In the passivation level. An associated report, entitled "Silicon-Gate CMOS/SOS 
Processing," provides further Insight Into the usage of these rules. 
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Section II 


TECHNICAL DISCUSSION 


In addition to tlie first seven standard rules, rule 8 has been added to facilitate 
the design of chip I/O pads for both the PR2D and the MP2D programs. 

Since It Is SSTC policy to endeavor to maintain mask set compatibility for all of 
the major SOS processes, It is possible for SOS standard cell arrays to be fabricated 
with any of a wide spectrum of processes. These Include the double-epitaxial diffused 
prc.ee s sea through the single -epitaxial, lon-lmplanted (l2(N/N)) process. For radia- 
tion-hardened applications, the double epitaxial, double-ion-lmplanted process Is also 
an available option. Out of a basic set of seven masks, all of these processes can be 
used to fabricate the standard cell CMOS/SOS arrays or Indeed any design laid out 
with the SSTC design rules. It Is with these de 'Ign rules that the NASA SOS Standard 
Cell families have been laid out. Process development and matui*atlon are still taking 
place, while simultaneously mask compatibility Is ensured. 


2 



Section III 


DESIGN RULES 


These design iniles for silicon-gate CMOS Integrated circuits are compatible with 
state-of-the-art technology, and have been modified along with process developments. 

The design of contact layouts has been a icey problem, since thei'c are so many 
possible arrangements and also vaidous sizes and shapes of contact openings. There- 
fore, examples for both In-line and right -angle contacts have been studied and pre- 
sented here In order to give the designer a bettor insight ns to what the problems are, 
and what contacts should and should not be used. 

The composite drawing layout takes seven levels for the silicon-gate CMOS/SOS 
Integrated cli’cults. A standard color code and standard symbols have been adoptrjd 
and are presented In Table 1. 
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TABLE 1. STANDARD COLOR CODE FOR CMOS/SOS DESIGN LAYOUT 
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Level 1 : n-epl Islnncl 
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2. Level 2: n-epl Island 
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3. Level 3: PolystUcon 








Rulo # 


Minimum 

Valuo(mll) 


3.6 


3.6 


item 


Polyiillcon 
Extonslon 
Beyond p-opi 
lilnnd 


Polyiillcon 
Extension 
Beyond n‘Opi 
Island 


0. 
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Lovol 4 : Diffusion 


Rulo # 


Item 


4.1 


Ovorinp, 
n*»Diffu$lon to 
p-ttpl Islnnd 


4.2 


Spacing, 

n^— Diffusion to 
n-opi Island 


Minluum 

Valun(rnil) 


I 



0.2 

MIL 
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6. Level 5; Contact 


Minimum 

V»luo(inil) 


Active Contoct Area 
(ConsId.«rina Possiblo 
Worst Cato) 


0.2X0.3 




Contact Area in Lovoi S 
Mask 


0.3X0.3 


QL- 


Spacing, 
Contact to 
Polysilicon Gato 


TE 


N CHANNEL 



P CHANNEL 


Contact of Polysiltcoii 
over Activu Transistor 
is not Allowod, 
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Contacts (In-Line) 
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Contacts (Rinht- Anglo) 




G, Level 0: Metal 


Minimum 

Valuolmll) 


Rule # 

Item 

6.1 

Width of Metal 

G.2 

„ Spacing, 

Metal to Metal 

6,3.1 

Spacing, 

Metal to 
p-epi to Island 

6.3.2 

Spacing, 
Metal to 
n-opi Island 

NOTE 

Motal should not be 
coincident with 
any edge. 



H h“ 


0.35 

MIL 



p\ \» 


0.25 

MIL 



^ I " ■ 


0,1 

MIL 





0.1 

MIL 
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Ruts # 

Item 

Minimum 

Value(mil) 

6,7 

Motel should Encompass 
Complotoly 



Spocing, Motel to {Poly 
Tunnol) Contact 

0.1 

6.7.1 

Spacing, Motel to 
(n-opi) Contact 

0.1 

6.7.2 

Spacing, Metal to 
(p-opi) Contact 


6.7.3 

p-channol Transistor 
when 0.3 <W <0.6 

0.1 

NOTE 

Metal encompasses 
contact completely. 






POLY 

TUNNEL 

ONLY 



— ►! — 





SOURCE 
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8. Standard I/O Bonding Pnd Coll Rulos 


This doslgn rule and accompanying figure specify those rules which musi i 
adliered to, In addition to the standaixl SOS processing rulos, In order to provide PP2D 
and MP2D px’ogi’am compatibility for all standard-size Input/output bonding pad colls. 
These I/O pads are nominally 8 mils wide by 9 mils high. This specified height Is 
from the pad origin to the top of the bonding metnlj part of the standard cell is actually 
as much as -2. 7 mils below the origin ns shown In the figure and Indicated by rule 
8-F, ConfoiTnlty to these rules will result In proper alignment njid Int07'connectlon of 
the bonding pads. Nonstandard bonding pads may bo used but must be handled specially 
by the user at a minimum by specifying fixed pad locations and more probabfy by 
manual modification of the program output data. Therefore, nonstandard bonding pads 
should be avoided. 
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DlstnnoQB from cell origin t 


A, To center of outside bus, Vqjj or GND = 0. 0 mil 

B, To center of Inside bus, or GND = -1.3 mils 

C, To bottommost epi = -2, 4 mils max 

D, To center of 0, 2 mil liigh l/O contact = 2. 4 mils max 

E, To bottommost metal = -2. 6 mils max 

F, To bottommost polj' = -2. 7 mils max 

G, To bottom of bonding pad metal (DPRI) = 5 mils 

H, To top of bonding pad metal (BPM) = 9 mils 

I, To loft edge of I/O bonding pad metal (BPM) = 0. 2 mil* 

J, To right edge of I/O bonding pad metal (BPM) = 4,2 mils* 

K, To origin of adjacent I/O pad = 8.0 mils 
Other ; 

L, Proximity of epi to cell boundary = 0.2 mil min 

M, Standard bus width (routed by program) = 0. 8 mil 

N, Minimum spacing bonding pad metal 4x4 ai'ea to nonconnocting cell metal = 1,6 
mils 

O, Minimum spacing bonding pad metal 4x4 area to connecting metal = l.O mil 

P, Minimum spacing BPM to epi = 1,0 mil 

(N^ - diffusion and polysilicon to standard rules fi*om this dimension) 

Q, Level 1 3, 8x3. 8 mils centered In bonding pad metal 

R, Level 7 3, 6Xu. G mils centei’ed In bonding pad metal 

S, Minimum BPM area = 4. 0x4,0 mils 

T, Mbilmum bonding pad area to bonding pad area (adjacent cell) = 4, 0 mils 
(Gu iranteed by Rule K and standard format with bonding pad cells) 

U, Top of bonding pad metal to edge of street (chip border) = 1.6 mils 

♦For conformity to existing cells 
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Hh-' 



-2.7 TO +9.0 MILS IN Y 


NOTE: 



CARET INDICATES CELL ORIGIN 

INTERNAL CELL METAL FORBIDDEN. THIS AREA IS 
RESERVED FOR CONNECTION OF PERIPHERAL POWER 
BUS TO CELL ROWS. 
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Light Field Alignment Key 


Tho Initial alignment koy of lovol 1 |i larger tnnn forthcoming key for light field phf to mask. 


0.1 MIL 



SIZE6x6MILS 


LEVEL 2 
ri'Opi ISLAND 


LEVEL 3 
POLYSILICON 


LEVEL 4 
n+ DIFFUSION 


LEVEL 5 
CONTACT 


LEVEL 6 
METAL 


LEVEL 7 

PROTECTIVE 

OXIDE 
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Small Transistor Layout 


In ardor to comply •vith tho dosign rulo, it tokos a ipociut Inyout for o small transistor 
|0.3<W^O,0 mil). Two layout oxamplos of small n-chnnitol tronsistors oro shown 
bolow. Similar layout can bo oppliotJ to small p-chnnnol transistors, 



V. 


XI 


1^ ! 
1 


R 

ij 


0,3 < W < 0.5 
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Section rv 


CONCLUSION 


This report provides a set of CMOS/SOS design rules for a series of UCA com- 
patible processes. By designing with the n-epi and p-epl islands as separate levels, 
masks developed witli these rules maintain complete imlversallfy for all major SOS 
processes at RCA, Among these px’ocesses are the 1^(N/N) process (used for the NASA 
Standaixl Cell Family) and the RCA Radiation Ilai-denod process. 
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